
 

 

 

 

 

 

SCHOOL OF ENGINEERING 

 

MAIN EXAMINATIONS: NOVEMBER 2025 

 
COURSE AND CODE: CHEMICAL ENGINEERING PRINCIPLES ENCH1EB 

 

DURATION: 2 HOURS   

TOTAL MARKS: 100  

 

 

 

 

  INTERNAL EXAMINER/S:                 DR N MASEKO 

                                                                                          DR J POCOCK  

        

  INTERNAL MODERATOR:                DR M MKHIZE  

 

 

  EXTERNAL MODERATOR:               PROF. K TUMBA  

 

 

INSTRUCTIONS: 

 

  1. ALL questions should be attempted.  Answer in INK. 

 

 2. Any programmable or non-programmable calculator may be used 

provided it has been cleared of any information that would subvert the 

purpose of the examination. 

 

 3. Calculations must be shown in sufficient detail to illustrate your 

understanding of the procedure. 

 

 4. Two answer books are provided.  Label them Book A and Book B.  

Answer Section A in Book A and Section B in Book B. 

 

 5. This examination question paper, together with all associated diagrams, 

MUST BE HANDED IN TOGETHER WITH YOUR SCRIPT. 

 

 

 
 

 

 

Student Number: 



UNIVERSITY OF KWAZULU-NATAL MAIN EXAMINATIONS:              NOV 2025 

 

COURSE AND CODE: CHEMICAL ENGINEERING PRINCIPLES ENCH1EB 

 PAGE: 1 of 7 

 

 

SECTION A 

QUESTION 1 

Hydrogen chloride is formed through the chlorination of ethane in a continuous reactor where 

a 60% single pass conversion of ethane is reported according to the following balanced 

chemical reaction: 

𝐶2𝐻6 + 𝐶𝑙2 → 𝐶2𝐻5𝐶𝑙 + 𝐻𝐶𝑙 

 

The molar flow rate of Inert fed into the reactor is 11 mol/h while unreacted ethane found in 

the reactor effluent stream is 13.4 mol/h. Stream P is a product stream with only 

monochloroethane and hydrogen chloride. Unreacted ethane, chlorine and inert are recycled 

back into the process while some of it is purged out of the system. The molar flowrate of the 

purge stream is 17.2 mol/h 

The flowchart of this chlorination reaction is shown in Figure 1 below: 

 

 

Figure 1: Chlorination reaction of ethane 

 

 

a) Calculate the flow rates of the reactor feed and the reactor effluent stream 

(12) 

b) Calculate the flow rates of the recycle and fresh feed stream 

(5) 

c) Calculate x1 and x2 

(6) 

d) What is the overall conversion of ethane? 
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(4) 

e) Name one function of the recycle stream 

(2) 

  

TOTAL     /29/ 

 

QUESTION 2 

Ethane is burned with air. No carbon monoxide is present in combustion products. 

𝐶2𝐻6 + 7
2⁄ 𝑂2  → 2𝐶𝑂2 + 3𝐻2𝑂  

Use a basis of 120 mol/s of ethane fed. 

a) Draw and fully label a flowchart of the process described above. 

(3) 

b) Calculate the molar flow rates of all the gases in the exit stream when there is 90% 

ethane conversion and air is 25% in excess. 

(13)   

c) What is the mole fraction of CO2 in the exit stream?  

(3) 

d) Calculate the extent of reaction of the above reaction  

(2) 

 

TOTAL     /21/ 
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SECTION B 

QUESTION 3 

In a heat exchanger, 1 kg/s of a mixture of benzene and toluene (mass fraction of benzene  

0.5 kg/kg) is being heated in the tubes from 10°C to 75°C.  The heat to achieve this is provided 

by steam entering the shell side at 1 bar pressure and 150°C which cools and condenses to 

saturated water at 1 bar pressure. 

 

a) What is the enthalpy change of the benzene/toluene mixture in kJ/s?  

(12) 

b) What is the mass flow rate of steam required in kg/s? 

 (6) 

Data: 

For benzene Cp (liquid) = 0.1265 + 0.000234T kJ/mol.°C, Molecular weight = 78.11 g/mol 

For toluene Cp (liquid) =0.1488 + 0.000324T kJ/mol.°C, Molecular weight = 92.13 g/mol 

 

Steam tables are provided on pages 5 and 6 

 

 

TOTAL     /18/ 

QUESTION 4 

1m3/s of steam at 400°C and 5 bar pressure is being mixed with 0.5m3/s of saturated steam at 

1 bar pressure, and leaves at 5 bar pressure.  What will be the mass flowrate (in kg/s) and 

specific enthalpy (in kJ/kg) of the mixed and compressed steam stream and its temperature?  

 

Steam tables are provided on page 5 and 6 

TOTAL     /12/ 
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QUESTION 5 

In a furnace, 100 mol/s of butane gas at 25°C is being fully combusted in 5714 mol/s of air fed 

to the furnace at 200°C.  Energy is removed from the furnace to superheat steam at 1 bar 

pressure.  The flue gas mixture leaves the furnace at 300°C.  Determine: 

 

a) The standard heat of combustion of the butane from the heat of formation data given in 

the table below. 

 (5) 

b) The amount of heat removed from the furnace per second to superheat steam. 

 (15) 

Combustion reaction for butane at 25°C, 1 atm pressure: 

 

𝐶4𝐻10(𝑔) +
13

2
𝑂2(𝑔) → 4𝐶𝑂2(𝑔) + 5𝐻2𝑂(𝑙) 

 

Data 

 

Heat of Formation data: 

Compound Heat of Formation (kJ/mol) 

C4H10 (g) -124.7 

CO2 (g) -393.5 

H2O (l) -285.84 

 

Data for water: 

Cp (liquid) = 0.0754 kJ/mol.°C 

ΔHv = 40.656 kJ/mol at Tb = 100°C 

Cp (gas) = 0.03346 + 0.00000688T kJ/mol.°C 

A table of specific enthalpies for selected gases is provided on page 7 

 

TOTAL     /20/ 
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